Abstract-This paper presents an integration control method for pneumatic piston rod position control using Fuzzy Self-Adaptive proportional, integral and derivative (FSAPID) controller. Motion control of the pneumatic piston rod is a complex task and highly nonlinear makes it difficult to handle the task involving precise positioning. Therefore, this research has designed FSAPID with fuzzy logic system as a tuner to the PID controller to overcome the fast response and high oscillation by the pneumatic piston actuation. Set of fuzzy rules was designed as a decision maker for PID gains according to the input tracking errors of the rod piston position The FSAPID was verfied through several simulations and compared with conventional PID control on the same double acting single piston pneumatic system plant. The results show FSAPID able to reduce the steady-state error as well as low vibration on a pneumatic stroke motion. Moreover, FSAPID performing low overshoot rate and fast settling time than PID controller.
I. INTRODUCTION
Fluid power systems are widely used in industrial automation and home appliances. Fluid power systems can be divided into two medium categories; liquid and gas. The most well-known actuators using fluid power systems to generate movements are hydraulic (liquid medium) and pneumatic (gas medium) actuators. Such as the main advantages of pneumatic actuators that are more costeffective and cleanliness factor if compare to the hydraulic actuators. In addition, pneumatic actuators also offer unique features such as high power to weight ratio, simple mechanism, reliability and high travel speeds. On the other hand, pneumatic actuators have the advantage of providing high force for a long time period if compare to the electrical actuator/motor which had a high risk to overheating. However, due to the compressibility of air, uncertainties parameter and nonlinear characteristics of the pneumatic system, precise of motion for the pneumatic cylinder stroke or rod piston are extremely difficult to achieve when compared with actuator system driven by the electric or hydraulic power system. Therefore various effort shas been done in designing a better control system for pneumatic motion control including mathematical, intelligent system and computational intelligent approaches. The conventional proportional, derivative and integral (PID) control is difficult to provide satisfactory performance for the nonlinear system such as the pneumatic system. Unless some modification is done on its structure such as reported in [1] [2] [3] [4] [5] . Most of the efforts in solving pneumatic actuation position control are done with the intelligent control system or adaptive control systems such as Fuzzy Logic Control (FLC) [6] [7] [8] [9] , Neural Network control [10, 11] and Model-Free Adaptive Control [12] .
According to [13] , in order to cope with the effects of nonlinearity on the pneumatic system, a combined controller structure of FLC and PID controller for servo pneumatic position control has been proposed in which efficiently compensates the frictional force and pressure in pneumatic chambers to achieve the precise position control. On the other hand, to obtain control performance with high position accuracy for pneumatic system, intelligent control strategies by using a combination of predictive FLC and neural network was proposed in [14] . In order to demonstrate the proposed controller's performance, the author conducts experiments on two conditions; at no load and under load conditions. The proposed method performs well in position control with high accuracy. In addition, [15] proposed PD-FLC for position control of pneumatic actuator system where the proposed controller shows its effectiveness by providing fast response with a minimum overshoot and performs a better accuracy for position control.
In the present work, Fuzzy Self-Adaptive PID (FSAPID) controller has been proposed to overcome the precision of motion of pneumatics rod piston where it is emphasized on steady state error and the stability of the velocity of the pneumatic cylinder rod piston which will directly affect the frictional force in pneumatic cylinder. This paper is organized as follow: Section II discussed the control system design. Section III discussed the result and discussion. Conclusion is drawn in Section IV.
II. MATHEMATICAL MODEL OF PNEUMATIC SYSTEM
The development of a mathematical model of the pneumatic system based on four dynamics models; pneumatic rod-piston dynamics, friction dynamics, pressure dynamics and valve dynamics. 
where rp x  is the acceleration of piston stroke. 1 A and 2 A is the pneumatic cylinder chamber annulus area. 1 P and 2 P represent the absolute pressures in chamber 1 and chamber 2 of the pneumatic cylinder. f F and L F represent the internal frictional force inside the pneumatic cylinder chamber and external frictional force of payloads, respectively. M represent the combined mass of the rod-piston and payloads. Frictional force dynamics can be determined in (2) as follow: 
is the mass flow rate while 0 ( 1,2)
volumes of compressed air. L denoted for the length of rodpiston stoke. k , R and T are represented the ratio of specific heats of air, ideal constant of gas and absolute temperature of the air, respectively. According to Karpenko and Sepehri, have expressed that the valve spool position, pv x is directly proportional to the input signal, u with a valve spool position gain, pv k [16] .
where τ , w and pv A are the valve spool time constant, area gradient of valve orifice and effective area of valve orifice, respectively. Then, the mass flow rates, ( 1, 2) i i m =  can be defined as follow:
is the normalized mass flow rate of the fixed area of the valve orifice, S P and atm P both are the supply pressure and atmosphere pressure, respectively.
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P and cr P are the discharge coefficient of valve orifice, upstream pressure, downstream pressure and critical pressure, respectively. Fig. 2 shows two interconnected subsystems which are pneumatic subsystem and mechanical subsystem based on (1) - (9) Fig. 3 . Thus, the FSAPID control system has two antecedences and three consequence. Fig. 3 shows the overview of FSAPID control system architecture applied to the pneumatic system. As shown in Table I , the initial values for PID control obtained by using Genetic Algorithm (GA) optimization approach. According to the (10), the PID parameters are self tuned by the FLC through the accumulation of PID parameter changes and the initial values as follows;
The error, ( ) e t is defined as (11) The FLC rules for tuning the PID parameter are constructed as follows: The parameters of fuzzy's inputs and outputs are divided into seven sections by the membership function set: NB, NM, NS, ZO, PS, PM, and PB where NB, NM, NS, ZR, PS, PM, and PB are negative big, negative medium, negative small, zero, positive small, positive medium, and positive big, respectively. According to the number of input and output membership functions, the FSAPID Controller has a 7x7 = 49 rules as shown in Table II . The PID parameters were updated online according to these rules. The triangular shape function is selected for membership function input and output as shown in Fig. 4 . 
IV. RESULT AND DISCUSSION
The simulation was run in MATLAB/SIMULINK environment and analysis on the proposed FSAPID was done by comparing with conventional PID controller on the same double acting single piston pneumatic system plant. Table I . Furthermore, 3kg of payloads as external disturbances have been set to the simulation. According to the results as shown in Fig. 5 , FSAPID having a stable rising time and low oscillations in feedback response if compare to the PID controller. It makes steady-state error for FSAPID is lower than the PID controller. The oscillation had affected both pressure chambers as shown in Fig. 6 and Fig. 7 in which FSAPID able to low down the vibration in pressures if compare to the PID controller. Similar to the rod piston velocity as shown in Fig. 8 . According to Fig. 8 and Fig. 9 , when the velocity of the piston stroke is proportional to the frictional forces. At the rest condition, the friction is within the static friction range. Static friction will change to dynamics friction when the actuation force has reached the breakaway force. Table III shows the summary of the overall performance of FSAPID control on rod piston positioning compares to PID control for the same plant. The proposed FSAPID controller for pneumatic rod piston motion control is presented and verified. 3kg of payloads as external disturbances are placed to evaluated the proposed controller's performance. Results and analysis of the proposed control system that benchmark to the conventional PID control for the same plant in which the parameter of PID have been obtained by GA optimization method to obtain the best PID parameter against system response. FSAPID has performed better in terms on error tracking on rod piston positioning and performance stable pressures with low oscillation friction effect. Furthermore, FSAPID shows low very low oscillation velocity response as well frictional force if compare to the PID controller. However, the oscillation that providing vibration in piston motion still existed and this solution will become the next issue to be solved in this research.
